Background: Most people would prefer to die at home as opposed to hospital; therefore, understanding mortality patterns by place of death is essential for health resources allocation. Aim: We examined trends and risk factors for hospital death in conditions needing palliative care in a country without integrated palliative care. Design: This is a death certificate study. We examined factors associated with hospital death using logistic regression. Setting/participants: All adults (1,045,381) who died between 2003 and 2012 in Portugal were included. We identified conditions needing palliative care from main causes of death: cancer, heart/cerebrovascular, renal, liver, respiratory and neurodegenerative diseases, dementia/Alzheimer's/senility and HIV/AIDS. Results: Conditions needing palliative care were responsible for 70.7% deaths (N = 738,566, median age 80); heart and cerebrovascular diseases (43.9%) and cancer (32.2%) accounted for most. There was a trend towards hospital death (standardised percentage: 56.3% in 2003, 66.7% in 2012; adjusted odds ratio: 1.04, 95% confidence interval: 1.04-1.04). Hospital death risk was higher for those aged 18-39 years (3.46, 3.25-3.69 vs aged 90+), decreasing linearly with age; lower in dementia/Alzheimer's/senility versus cancer (0.13, 0.13-0.13); and higher for the married and in HIV/AIDS (3.31, 3.00-3.66). Effects of gender, working status, weekday and month of death, hospital beds availability, urbanisation level and deprivation were small. Conclusion: The upward hospital death trend and fact that being married are risk factors for hospital death suggest that a reliance on hospitals may coexist with a tradition of extended family support. The sustainability of this model needs to be assessed within the global transition pattern in where people die.
Introduction
Where people die is a vital indicator of end-of-life care, important in relation to patient preference and with clear implications for health resources allocation in view of the most vulnerable. 1, 2 There is a human rights concern with the stark incongruence between preferred and actual place of death. Most people would prefer to die at home but the majority die in hospital. 3, 4 Furthermore, there are social variations suggesting inequity. 5, 6 Palliative care provision increases the odds of home death. 7 However, the level of palliative care development differs worldwide, from countries with 'no known activity' to 'advanced health system integration'. [8] [9] [10] Most research focuses on countries in the latter group.
A combination of factors plays a role in where people die, including illness-related, individual and environmental factors. 5 However, we know very little about how this complex web of factors applies to countries with poor integration of palliative care into mainstream health services. These countries constitute the majority worldwide. 6, 10 Knowledge of their reality would help understand what shapes place of death in a context that may offer less formal support to home death. Therefore, this study aims to examine trends and some critical risk factors for hospital death from conditions needing palliative care in a country lacking integrated palliative care -Portugal.
Methods

Study design and data source
This is a death certificate study using data for all individuals deceased with ⩾18 years old in Portugal (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , provided by the National Statistics Institute. We used an anonymised dataset; therefore, no ethical approval was required.
Identification of conditions needing palliative care
We used a well-established method for estimating palliative care need from death certificate data, recently used to project future palliative care need. 11, 12 This is based on the selection of specific chronic diseases that are likely to have complex physical, psychological, social and/or spiritual problems that can be improved by either specialist or generalist palliative care services. The conditions included cancer, heart and cerebrovascular, renal, liver, respiratory and neurodegenerative diseases, dementia/Alzheimer's/ senility and HIV/AIDS (Supplementary Appendix 1). These were identified from the main cause of death using the International Statistical Classification of Diseases and Related Health Problems -10th Revision (ICD-10).
Classification of place of death
Place of death was classified in death certificates as follows: 'domicile' (any non-public or non-clinical place), 'hospital/clinic' (any clinical facility) or 'other place' (any public space). We recoded into hospital/clinic (called from now onwards 'hospital') versus elsewhere.
Independent variables
Gender, age at death (grouped for comparability with similar research in 18-39, 40-49, 50-59, 60-69, 70-79, • • Little is known about regions that still lack integrated palliative care and where hospitalisation trends persist.
• • These regions constitute the majority worldwide and Portugal is an example in Europe.
What this paper adds?
• • Based on death certificate data on over 1 million adults who died in Portugal, we found the prevalence of palliative care need in this country is higher than in England, using the same methodology (71% compared to 63%). • • Opposite to most evidence, in Portugal the risk of hospital death is higher for people dying from cancer and the married. • • The risk of dying in hospital decreased linearly with age and there were wide disparities in place of death according to cause of death.
Implications for practice, theory or policy 5 We also analysed information regarding area of residence: urbanisation level (predominantly urban, midurban and predominantly rural), public hospital beds per 1000 inhabitants and deprivation level (European deprivation index). 14 Supplementary Appendix 2 shows further information about these variables.
Statistical analysis
We calculated crude and standardised percentages of deaths by place of death (direct standardisation, decedent population of 2003 as standard). In bivariate analysis, we explored associations between hospital death and independent variables, drawing attention to factors producing at least a fivepoint difference in percentages, a difference we believe healthcare and policy will be interested to explore further. We analysed variance inflation factor (VIF) values to examine multicollinearity, guided by the rule of thumb that if VIF > 10, multicollinearity is high. 15 We then ran a multivariate logistic regression model using backwards likelihood-ratio elimination of variables, retaining those with p value < 0.05. Interaction effects between age, gender and marital status were added to the models; we examined whether this changed the findings and improved the R 2 . As sensitivity analysis, we ran models using forward selection to check if altering the variable selection procedure impacted on findings. We reported missing data, unadjusted and confounder-adjusted odds ratios (AORs) with 95% confidence intervals (CIs). To judge the influence of the different factors, we examined the magnitude of associations through differences in the percentages of hospital deaths (in bivariate analysis) and AORs for hospital death (in multivariate analysis). Analysis was performed with complete cases in IBM SPSS version 23.
Results
Death caused by conditions needing palliative care
There 
Trends in hospital death
Hospital was the most common place of death in conditions needing palliative care (61.9%), with percentages increasing linearly from 56.3% in 2003 to 65.1% in 2012. This increase was not explained by changes in decedents' age and gender as it maintained with standardised percentages ( Figure 1 ). Annual numbers of hospital deaths increased by 10.6% during the 10 years studied (44,384 to 49,073; mean increase of 1.3% per year).
The increase in hospital death was more evident in cancer (69.1% hospital deaths in 2003 to 77.1% in 2012), respiratory diseases (68.7%-78.5%) and neurodegenerative diseases (50.2%-58.4%). It was also more evident in the oldest old (90+), although this remained the group with the lowest percentage of hospital deaths ( Figure 2 ).
Factors associated with hospital death
Bivariate analysis showed associations between hospital death and all examined factors (Table 2 ) and there was no multicollinearity (all VIF values <3). The strongest associations with place of death concerned individual characteristics. Among these, the largest variations were observed for age and cause of death and the smallest for gender and country of residence. There was a gradual and large decrease of hospital deaths as age advanced; 83.5% of those aged 18-39 died in hospital compared to 43.2% of the aged 90+. Hospital death was more common in cancer (74.2%) than in non-malignant conditions (56.0%); within the latter group, it varied from 19.5% in dementia/ Alzheimer's/senility to 92.2% in HIV/AIDS.
The smallest differences concerned temporal variations; hospital death ranged from 59.6% in January to 64.4% in September and from 61.1% on Sundays to 62.3% on Tuesdays (Supplementary Appendix 4). In contrast, there was wide regional variation; hospital death ranged from 58.0% in the North to 79.6% in the Madeira Islands. Urbanisation level was the most influential area-level factor but the differences were small (Supplementary Appendix 5); hospital death was less common in rural regions (58.1%), increasing slightly in mid-urban regions (58.6%) and further in urban regions (64.0%).
The multivariate model of factors associated with hospital death retained all variables except country of birth. Aligned with bivariate results, the most influential factors during the decade in analysis were age and cause of death, followed by year of death, region of residence (NUTS II) and marital status. Accounting for other factors had no impact on the year of death effect; the odds of hospital death increased 4% per year ( Table 3) .
The age effect remained strong and linear but decreased in magnitude. Notwithstanding, people aged 18-39 had three times greater odds of dying in hospital compared to those aged 90+. The direction of differences by cause of death also remained the same. Compared to cancer, the odds of hospital death were higher in respiratory, liver and renal diseases and HIV/AIDS and lower in heart and neurodegenerative diseases and dementia/Alzheimer's/senility. Hospital death odds were three times higher for HIV/ AIDS patients compared to cancer patients and reduced by 87% for those dying from dementia/Alzheimer's/senility. Hospital death odds remained lowest in the North (adjusted odds ratio (AOR): 0.83, 95% confidence interval (CI): 0.82-0.84) and highest in the Madeira Islands (2.15, 2.06-2.24), compared to the capital region. The association with marital status changed once confounders were controlled for. People who were married had higher odds of dying in hospital than all others (single AOR: 0.67, 95% CI: 0.65-0.68; widowed: 0.81, 0.80-0.82; divorced: 0.80, 0.78-0.82). The effects of gender, working status, weekday and month of death, hospital beds availability, urbanisation level and deprivation remained small (Table 3) .
Using forward selection rather than backwards elimination of variables produced the same results. Interaction terms (involving gender, age and marital status) were statistically significant. However, adding them did not improve the R 2 (0.18) nor changed substantially the parameter estimates for main effects. Gender lost statistical significance when the interaction between gender and marital status was accounted for but remained statistically significant in the model including the three-way interaction between gender, age and marital status (Supplementary Appendix 6).
Discussion
How many people need palliative care
We found that nearly three in every four deaths in Portugal (70.7%) are caused by conditions that would benefit from the provision of palliative care. The estimate falls between figures in England (63%) and Ireland (80%) using the same methodology. 11, 16 It is higher than that obtained in a study of 14 other countries (range, 25%-49%), 6 but this used a more conservative classification of palliative care need which excluded several diseases where palliative care is beneficial, for example, multiple sclerosis.
Hospitalisation of dying trend and clinical heterogeneity
Most deaths caused by conditions needing palliative care took place in hospital (61.9%), with annual numbers increasing by 1% a year. This trend is opposite to countries such as England, 17 the United States 2 and Canada 18 where palliative care is well developed and home deaths are increasing. It also differs from other countries in advance stages of palliative care integration; in Germany, the Netherlands and Belgium, there has been a shift away from hospitals into care homes, with home deaths reducing in Germany and remaining stable in the Netherlands and Belgium. [19] [20] [21] Greece (where there is only 'isolated palliative care provision') 10 presents a trend towards hospitalised dying in cancer that is similar to Portugal but not as rapid. 22 In contrast with most international findings, 6, 13 in Portugal dying from cancer (as opposed to a non-malignant disease) acts as a risk rather than protective factor for death in hospital. Nearly 8 in 10 cancer deaths took place in hospital in 2012. This is surprising as cancer shows a more predictable disease trajectory and cancer patients have better access to palliative care. 23 Our finding could be explained by a combination of factors: cancer care is generally centralised in specialist hospitals, aggressive therapies are often pursued until late in the disease course 24 and palliative care services reach very few as capacity is low, especially in home care. 25 Cultural issues may also play a role. Disclosure of cancer diagnosis and prognosis occurs less often than in other countries, 26 which may hinder conversations about critical endof-life decisions including place of death.
The group of non-malignant conditions showed wide clinical heterogeneity. Only one in five patients who died from dementia/Alzheimer's/senility died in hospital. It is known the dwindling disease trajectory leads many to move to a care home where the level of under-reporting of these causes of death seems to be lower. 27 This place of death is recorded in Portugal as 'domicile', therefore care must be taken when interpreting data. Our percentage of hospital death for this group is the lowest found in Europe, except for the Netherlands where only 1.6% of dementia deaths occur in hospital, probably due to the existence of specialised nursing home physicians. 28 In contrast, 9 in 10 deaths due to HIV/AIDS took place in hospital. Although there might be under-reporting due to stigma (possibly biased towards hospital), an uncertain disease trajectory, marked with sudden episodes of illness and infections, is likely to lead to death in hospital. Notwithstanding, United States trends during the HIV epidemic showed a reduction in hospital deaths among AIDS patients from 92% in 1983 to 57% in 1991. 29 Although the way and reasons why people die today with HIV infection are very different from before antiretroviral therapy was available, the establishment of outpatient clinics, greater access to nursing home programmes and hospice care, and increasing numbers of community-based HIV specialists are likely to have played a role in that striking reduction of hospital death in the United States. This demonstrates that more can be done, even in high-risk groups, to overturn hospitalisation trends and improve choice on place of death.
Social factors
The effects on place of death of a 'social triangle' constituted by gender, marital status and age may reveal how end-of-life care is handled in a given society. In Portugal, men, younger and married people are at higher risk of hospital death. The typical situation of when all variables of this triangle combine to achieve the lowest risk of hospital death is that of a very old woman who is usually widowed and lives with family or in a care home (both considered 'domicile'). The typical high risk of hospital death situation is a young married man likely to have a young wife and children. The findings for gender and age are not surprising, an analysis of 14 countries found the same results in most. 6 The findings on marital status, however, are opposite to what most other studies find. The married are a group that usually has increased chances of dying at home; 5, 6 it is Table 3 . Continued thought that this happens because being married often means that there is a live-in relative who helps care at home. However, it is possible that spousal caregiver fatigue and burnout might be higher than those of other caregivers (family or formal when no family is involved). Spouses are older than offspring and therefore more likely to experience health problems, which may impact on their ability to care at home. It is also plausible that the patient is more concerned with the burden that death at home might impose on his wife or her husband and possibly the long-lasting consequences as many will keep living in the same home after the patient dies. However, these potential explanations apply to other countries too and therefore do not fully explain the differential finding on the relationship between marital status and place of death. Contextual factors, such as the particularly advanced age people die in Portugal, the tradition of extended family support, the lack of home palliative care and the hospital-centric culture, might be potential reasons that shape the relationship between marital status and place of death. Caregivers (usually daughters) often live with the patient or take the patient to their home to be able to provide care. 30 Still, the 'gold standard' of formal care continues to be seen as provided in hospitals. The population is likely to perceive that there is more support in hospitals than at home. Findings from a survey in 2010 showed a lower preference for home death in Portugal compared to six other European countries (51% vs. 64% in England to 84% in the Netherlands). 31 Despite having hospital bed availability below the average across Organisation for Economic Co-operation and Development (OECD) countries and cuts in bed numbers, Portugal has the highest use of emergency departments across OECD countries 32 and its length of stay in acute care is also among the highest. The creation of a national network of continuing care in 2006, which included continuing and palliative care inpatient units and home teams, seemed unable to counteract this hospital culture, as seen in Figure 1 . In 2013 (1 year after the last in study), there were only 24 palliative care units and 9-14 home palliative care teams in the country (10 million residents), an offer which is insufficient and disparate across regions. 33 Furthermore, family doctors rarely visit patients at home and this is a critical barrier to supporting patients to die at home. 34 An expansion of specialist and non-specialist home palliative care is needed.
Our finding on the effect of socio-economic conditions (deprivation) also differs from most literature. 5 The results suggest that the level of poverty of the area someone lives in has limited influence on the risk of hospital death. However, this should be interpreted with caution as the deprivation index used is still in early stages of development, derives from 2001 Census data and may underestimate severe material deprivation. 13 The finding warrants further investigation.
Geography
Geography appears to be an important factor. Hospital death percentages ranged from 58.0% to 69.7% in mainland and were highest in the islands (73.5% in Azores, 79.6% in Madeira). This was not explained by urbanisation level and hospital beds availability, although other factors such as the greater distance from hospitals in sparsely populated areas and the availability of other local care providers and social support may play a role. The high hospital death percentages in the islands are difficult to explain. The migration and emigration exodus from relatives of patients in the islands could be a potential explanation but a negative migration balance is also present in the mainland, particularly in the North region, where hospital death percentages are lowest. The geographical, population and health services distribution within the two island groups may play a role. Madeira consists of three islands (one not inhabited) with 98% of the population living in the main one (334 km 2 ), where the hospital is based. There is a well-established regional palliative care network providing home care since 2012 but also a lack of generalist home support and few alternatives to hospital (e.g. care homes). Azores, however, consists of nine islands with 430 to 137,699 inhabitants in each and a distance between them that ranges from 9 to 602 km. Three of the nine islands have hospitals and during the study period there was no specialist palliative care service in Azores. There is a dearth of evidence on place of death and its determinants in regions with small islands but our findings suggest islanders appear to be at greater risk of dying in hospital, hence we call for further research on this matter.
Limitations
The limitations of analysing routinely collected mortality data include the possibility of filling and coding errors, as well as changes in diagnostic and coding processes. The fact that the data are filled in by the doctor who certifies the death and that coding systems remained the same during the study period provides reassurance that the information is correct and consistent over time. The percentage of deaths caused by signs, symptoms and ill-defined conditions (10.4%) is much lower than in earlier times and very close to the <10% threshold proposed by Mathers et al. 35 for high-quality mortality data.
An important limitation is that the coding of place of death in Portuguese death certificates includes only three categories (domicile, hospital/clinic, other place). In this classification, deaths taking place in care homes are coded as 'domicile' and deaths taking place in palliative care units that are based within hospitals are coded as 'hospital/ clinic'. However, dying in a palliative care unit may be very different from dying in another hospital service, for example, the emergency department. Also, dying in a care home is not necessarily the same as dying at one's own home. Aligned with a recent call for standardising records of place of death, 1 we highlight the need for categories that are clearly distinguished in preference surveys, 31 mainly 'palliative care unit', 'home' and 'care home'.
Other limitations include unmeasured confounding (e.g. preferences), potential for measurement bias on marital status (de facto unions were not captured, though they account for <3% of the population), possibility of ecological fallacy (i.e. generalising area information to all individuals within) and of changes in the area descriptors analysed (most derived from 2001 Census data).
Conclusion
Our findings show that the reality for place of death in Portugal is different to countries where palliative care is well established: there is a steady upward hospital death trend and dying from cancer, a disease with a more predictable trajectory than others, acts as a risk rather than protective factor for hospital death. This may apply to other aged countries with high-level of need but without integrated palliative care.
While a cultural pattern of extended family support may persist, it seems to coexist with a reliance on hospitals as providers of the best available care in a hospital-centric health system. This may shape the fact that younger patients and married people are at higher risk of dying in hospital. In this context, hospital beds availability, urbanisation level and deprivation do not seem very influential.
The sustainability of this model needs to be assessed in light of the global emerging transition pattern in where people die and taking into account future challenges. As the population ages further and older people are more likely to die out of hospital, the current hospitalisation of dying trend may attenuate but only if the observed patterns of family caregiving persist. This is unlikely as families are becoming smaller and more disperse. Home support must therefore develop so that dying at home is a real option in response to people's preferences, supported with the best quality care, available in a fair manner to more persons and their families in the future.
